Abstract. Brain-derived neurotrophic factor (BDNF) is known as one of the members of the neurotropin family. BDNF-induced activation of its receptor tyrosine kinase B (TrkB) is associated with anoikis tolerance, tumor progression and poor prognosis in many types of malignancy. However, to the best of our knowledge, there are no reports describing the contribution of the BDNF/TrkB axis to cervical cancer. BDNF and TrKB expression in cervical cancer (CC) tissues and adjacent normal tissues from 87 patients were analyzed by immunohistochemistry, western blot analysis and quantitative PCR assays and the results showed that they were significantly higher in cancer tissues than that in normal adjacent tissues, respectively. Higher expression rates of BDNF and TrKB were observed in stage IIB or higher and BDNF expression was positively associated with lymph node metastasis. Notably, a high expression of TrKB may be contributed to poor survival time, which confirmed by Kaplan-Meier analysis. Compared to the corresponding CC cell lines, HeLa, SiHa, CASKI, C4-1 and C-33a, BDNF and TrKB expression was enhanced in anoikis-like apoptotic tolerance (AAT), a cell model established from cervical cancer cell lines. AAT cells showed a higher proliferation activity compared with CC cell lines, which was confirmed by a shorter G0/G1 phase, elevated cyclin A, cyclin D1 and c-myc, decreased caspase-3 and Bax, and increased Bcl-2. By contrast, the knockdown of TrKB expression reversed these changes in AAT cells, induced G0/G1 arrest and suppressed proliferation activity. The results of the present study show that PI3K/Akt signaling is involved in the BDNF/TrKB-induced proliferation of AAT cells in cervical cancer. These findings indicate that BDNF/TrKB pathway is a potential target for the treatment of cervical cancer.
Introduction
Statistics from the World Health Organization show that cervical cancer is the second most common malignancy globally in women after breast cancer (1) . Cervical cancer is becoming increasingly more prevalent in younger women (2) . For the histopathological type, cervical squamous cell carcinoma accounted for more than 80% of cases. In addition, the incidence of cervical and adenosquamous carcinoma has been on the increase (3) . Early detection and good treatment can improve patient survival and prognosis (4) . Tumor metastasis, a multi-stage cascade process, is an important part of the early stage of tumor metastasis, which allows tumor cells to migrate, and to break through the basement membrane into the blood and/or lymphatic vessels (5) . Epithelial-mesenchymal transformation (EMT) refers to the transformation of epithelial cells into mesenchymal cells under specific conditions (6) . When EMT occurs, the polarity of the epithelial cells is lost, and their contact with the surrounding cells and extracellular matrix is reduced, accompanied by enhanced cell migration and exercise capacity, as well as gradual loss of cell epithelial phenotype (6, 7) . These processes are closely associated with tumor metastasis and growth. Normal epithelial cells are adhesion-dependent, and their survival depends on the signal transduction between the cells and extracellular matrix, known as anchorage-dependent growth (8) . Once these cells are separated from the extracellular matrix and lose the link between them, a programmed cell death commences, known as anoikis (9) . Anoikis is a physiological barrier to metastases, and the ability of cells to obtain anoikis-like apoptotic cell death resistance is a prerequisite for tumor proliferation, metastasis and chemotherapy resistance (9, 10) .
Receptor tyrosine kinase B (TrkB) is a transmembrane protein that is a specific receptor for brain-derived neurotrophic factor (BDNF) and belongs to the neurotrophic factor receptor Trk family, which consists of extracellular glycosylated polypeptides, transmembrane region and cytoplasmic tyrosine kinase domain (11, 12) . TrkB can be activated by BNDF or neurotrophic factor (NT) -4/5 (13) . BDNF, a member of the neurotrophin family, is associated with the development and regeneration of neurons and can also bind to its major receptor TrkB, resulting in the activation of downstream signal pathways (14) . Activated TrKB plays an important role in the development and maturation of the nervous system (15) .
However, there is mounting evidence that TrKB plays an important role in promoting tumor formation and metastasis in some malignancies (15) . Our previous findings showed that the upregulation of the BDNF/TrKB pathway promotes the epithelial-mesenchymal transition, as well as the migration and invasion of cervical cancer (16) . Other findings have shown that the overexpression of TrKB can promote the proliferation and migration of cells by inhibiting anoikis, promoting growth and metastasis in several types of cancer cells (17, 18) . TrkB can bind to its ligand BDNF to induce multiple signal cascades, including the PI3K/AKT pathways (19) . Moreover, the activated PI3K/AKT pathway by TrkB/BDNF can block the activation of caspase-3, thereby inducing anoikis tolerance (20) . In addition, normal epithelial cells did not express or lowly expressed BDNF and TrkB, while the expression of BDNF and TrkB in various cancer cells was significantly enhanced (21, 22) . However, whether the TrkB/BDNF signaling pathway activates, as well as how to activate the downstream pathway and mediate cervical cancer cell anoikis tolerance remains to be clarified. Therefore, examinig the TrkB/BDNF pathway can be useful in determining the molecular mechanism of cervical cancer metastasis to develop the corresponding drugs and improve the survival rate of patients.
Materials and methods
Patients. Cervical cancer specimens of 87 patients were collected from the Affiliated Hospital of Southwest Medical University between March 2009 and December 2016. The present study was approved by the hospital institutional review board of the Affiliated Hospital of Southwest Medical University and informed consent was obtained from all the patients. There were 68 cases of squamous cell carcinoma, and 19 cases of adenocarcinoma. All the patients underwent total hysterectomy or radical mastectomy without preoperative radiotherapy and chemotherapy. Survival was defined as the interval between the date of surgery and the date of death or the last follow-up. Cervical cancer was staged according to FIGO staging (2009) (23): 67 cases were less than or equal to IIA, and 20 cases were more than IIB. Lymph node metastasis was identified in 21 cases, but no lymph node metastasis was found in 66 cases.
Immunohistochemical (IHC) staining. The samples from cancer and adjacent tissues were collected and fixed in 10% formalin. Formalin-fixed samples of tumors were routinely trimmed, processed, paraffin-embedded, sectioned and stained with hematoxylin and eosin. Sections were deparaffinized and rehydrated according to routine protocol. Sections were pre-incubated with 3% normal horse serum in PBS for 1 h at room temperature, and then incubated with primary antibodies (BDNF monoclonal antibody, 1:100 dilution, cat. no. ab108319; TrKB polyclonal antibody, 1:100 dilution, cat. no. ab18987; Abcam, Cambridge, UK) at 4˚C overnight. The sections were incubated at room temperature for 30 min with goat anti-Rat IgG H&L (HRP, polyclonal antibody; cat. no. A10211; GenScript Biotech Corp., Piscataway, NJ, USA). Sections for staining scores were evaluated by combination of staining intensity and the percentage of positive staining. Scores of 0, 1+, and 2+ were considered a negative expression of BDNF and TrKB, while scores of 3+ were considered positive for the expression of BDNF and TrKB.
Cell culture and establishment of model of anoikis-like apoptotic tolerance (AAT).
The human cervical cancer cell lines HeLa, SiHa, CASKI, C4-1 and C-33a and the human papillomavirus immortalized ectocervical (Ect1/E6E7) cells were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA). They were grown in RPMI-1640 supplemented with 10% fetal bovine serum (FBS) and antibiotics at 37˚C under a humidified incubator with 5% CO 2 and 95% air. For the establishment of the model of anoikis-like apoptotic tolerance, the logarithmic growth phase cells were digested and centrifuged, and then resuspended with fresh medium. The cell suspension was transferred to 6-well ULC plates at 5x10 5 cells per well, and the culture medium was replaced every 3 days. After suspension culture for 7 days, the cells were collected in a centrifuge tube and centrifuged at 500 x g for 5 min. The supernatant was discarded, and trypsin was added to digest cells into a single cell suspension. The cells were then resuspended with fresh culture medium, and transferred into 6-well routine plates to continue culture. After the cells were expanded, they were transferred to 6-well ULC plates again and the culture was continued as described above for 7 days, and then transferred to a 6-well routine plate to continue culture. Finally, surviving cells were used for the following determination and experiments.
Silencing TrKB by siRNA. Exponentially growing cells collected from normal and model cells of anoikis-like apoptotic tolerance were seeded in 6-well plates at 1x10 5 per well and cultured at 37˚C for 24 h. Recombinant adenoviruses encoding negative control siRNA and TrkB siRNA were designed and constructed by Shanghai Jike Gene Chemical Technology Co., Ltd. (Shanghai, China). After cells were grown to 70% confluence, the model cells were divided into three groups, and treated with PBS (model group without treatment), adenoviruses encoding negative control siRNA (siNC group) and TrkB siRNA (siTrKB). Normal cells were treated with PBS and used as a control group. After transfection for 48 h, transfection efficiency was assessed using western blot and RT-PCR assays.
Cell viability assay. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay kit (Beyotime Institute of Biotechnology, Shanghai, China) was used to determine cell proliferation. Cell viability was measured according to the manufacturer's protocol. In brief, the cells from control, model, siTrKB and negative siRNA were grown in a 96-well plate for 24 h. Then, 1 mg/ml of MTT (0.5 mg/l) per well was added into the cells and incubated at 37˚C for 4 h. Absorbance at 490 nm was measured using a Bio-Rad microplate reader (Bio-Rad Laboratories, Richmond, CA, USA). Cell viability was expressed as a percentage of the average OD value compared to the control.
Cell apoptosis assay. Cells collected from control, model, siTrKB and negative siRNA were washed with PBS and harvested after centrifugation at 1,000 x g for 5 min. After being washed with PBS, the cells were added into diluted buffer (500 µl). FITC-labeled Annexin V and 5 µl PI (Biodesign International, Kennebunk, ME, USA) then were added, respectively. After incubation for 10 min at room temperature, apoptosis was determined by a flow cytometer (FACSCalibur; BD Biosciences, San Jose, CA, USA).
Cell cycle determination by flow cytometry. Cells collected from control, model, siTrKB and negative siRNA were washed with PBS and harvested after centrifugation at 1,000 x g for 5 min. The cells were then adjusted at 1x10 6 , resuspended, and fixed with 70% ethanol. The cells were then washed with PBS and incubated with 100 µl RNase A (Sigma-Aldrich, St. Louis, MO, USA) for 30 min at 37˚C. Subsequently, cell solution was stained using 400 µl PI (Sigma-Aldrich) for 30 min at 4˚C. DNA content was determined on a flow cytometer.
Western blot analysis. Cells harvested from control, model, siTrKB and negative siRNA were washed with ice-cold PBS and incubated on ice in lysis buffer (100 µM Tris, 150 mM NaCl, 1% Triton X-100) for 30 min. The protein expression levels were determined using a BCA Protein Assay Kit (Beyotime Biotechnology, Jiangsu, China) according to the manufacturer's protocol . Proteins in cells were separated by sodium dodecyl sulfate polyacrylamide gel (SDS-PAGE) (Pharmacia, Piscataway, NJ, USA) electrophoresis, and then transferred to polyvinylidene difluoride membranes ((Bio-Rad). After blocking with PBS containing 5% non-fat dry milk, the membranes were incubated with primary antibodies (BDNF monoclonal antibody, 1:1,000 dilution; cat. no. ab108319; TrKB polyclonal antibody, 1:1,000 dilution; cat. no. ab18987; cyclin A1 polyclonal antibody, 1:1,000 dilution; cat. no. ab53699; cyclin D1 monoclonal antibody, 1:5,000 dilution; cat. no. ab134175; c-Myc, monoclonal antibody, 1:5,000 dilution; cat. no. ab32072; caspase-3, polyclonal antibody, 1:500 dilution; cat. no. ab13847; Bax, monoclonal antibody, 1:1,000 dilution; cat. no. ab32503; Bcl-2, monoclonal antibody, 1:1,000 dilution; cat. no. ab32124; PI3K, monoclonal antibody, 1:1,000 dilution; cat. no. ab40776; p-PI3K, monoclonal antibody, 1:1,000 dilution; cat. no. ab125633; Akt, polyclonal antibody; 1:1,000 dilution, cat. no. ab8805; p-Akt, polyclonal antibody, 1:5,000 dilution; cat no. ab38449; all from Abcam) at 4˚C overnight. After being washed with PBS, the membranes were incubated with HRP-conjugated polyclonal secondary antibodies (cat. no. P6782; Sigma-Aldrich) for 1 h. The detection of chemiluminescence was conducted with an enhanced chemiluminescence (ECL) western blotting detection system (Amersham Biosciences, Piscataway, NJ, USA).
Real-time RT-PCR analysis.
Total RNA was isolated from the cells using a Qiagen RNeasy Mini kit according to the manufacturer's protocols. Total RNA (100 µg) from all the groups was reverse-transcribed into cDNA using TaqMan Reverse Transcription Reagent kit (Applied Biosystems, Foster City, CA, USA). Quantitative PCR was performed using TaqMan Gene Expression Assays and the TaqMan Universal PCR Master Mix (Applied Biosystems) according to the manufacturer's protocol. Amplification and detection of mRNA were performed using a 7500 fast Real-Time PCR System (Applied Biosystems). Data were calculated using the 2 -∆∆Cq method and normalized to control. PCR primers used in the study were: TrKB, 5'-CTG GCC TGG AAT TGA CGA TG-3' (forward) and 5'-ACC ACA GCA TAG ACC GAG AG-3' (reverse); BDNF, 5'-TGC GGG AGG AAT TTC TGA GT-3' (forward) and 5'-GCA CTT AAA GCA CGA GGT CC-3' (reverse); cyclin A, 5'-ACA GAG GTT GGG AGT GGA AG-3' (forward) and 5'-TCC ATT CTG AGA ACC CTG GG-3' (reverse); cyclin D1, 5'-TTT GTT GTG TGT GCA GGG AG-3' (forward) and 5'-TTT CTT CTT GAC TGG CAC GC-3' (reverse); c-myc, 5'-ATT CTC TGC TCT CCT CGA CG-3' (forward) and 5'-CTG TGA GGA GGT TTG CTG TG-3' (reverse). Caspase-3, 5'-AAA ATA CCA GTG GAG GCC GA-3' (forward) and 5'-ATT CTG TTG CCA CCT TTC GG-3' (reverse). Bax, 5'-AAG AAG CTG AGC GAG TGT CT-3' (forward) and 5'-GT T CTG ATC AGT TCC GGC AC-3' (reverse). GAPDH, 5'-GAG TAA GAC CCC TGG ACC AC-3' (forward) and 5'-AAC TGG TTG AGC ACA GGG TA-3' (reverse).
Statistical analysis. Data were expressed as means ± standard deviation according to at least three independent experiments. Independent Student's t-test and one-way ANOVA were used to evaluate the statistical comparison of two and multiple groups, respectively. Tukey's post hoc test was used after one-way ANOVA. Statistical analysis between cancer tissues and corresponding normal tissues was performed by McNemar test. The Kaplan-Meier analysis was used to determine overall survival time of patients between groups. Statistically significant differences were defined as P<0.05. Data statistics were performed using SPSS software (SPSS version 18; SPSS, Inc., Chicago, IL, USA).
Results

Correlation between clinicopathological parameters and expression of BNDF or TrKB.
To examine the role of BNDF and TRKB in cervical cancer tissues, an immunohistochemistry assay was used to evaluate the expression levels of BNDF and TrKB in surgical specimens of human cervical cancer tissues. The representative stains are shown in Fig. 1 and the relationship between clinicopathological parameters and the expression of BDNF and TrKB in cancer tissues, are listed in Table I .
No significant association between TrKB expression and age, histologic subtype and grade of differentiation was observed. However, there was a significant difference between the expression of TrKB and FIGO stage or lymph node metastasis (LNM). The expression level of TrKB was higher in patients with stage IIB or higher stage than that in patients with stage IIA or lower stage (P=0.028). In addition, a significantly higher rate of positive expression of TrKB was observed in positive LNM compared to that in negative LNM (P=0.048). These results suggested that TrKB was closely associated with poor clinicopathological parameters. There were no significant differences in positive BDNF expression among the subgroups of age, histologic subtype, grade of differentiation and LNM. However, a higher positive BDNF expression was observed in patients with stage IIB or higher stage and poor differentiation compared to patients with stage IIA or lower stage (P=0.032) and well differentiated (P=0.065).
High survival time and prolonged survival time were observed in the negative expression of BDNF and TrKB. We further Table I . Relationship between clinicopathological parameters and the expression of BDNF and TrKB. determined the correlation between 5-year survival rate and clinicopathological parameters or the expression of BDNF and TrKB (Table II) . The survival rate is closely associated with histologic subtype, grade of differentiation, LNM and TrKB expression. Patients with a positive BDNF expression had a survival rate of 80.8%, which was lower than that of patients with a negative BDNF expression, albeit this difference was not significant (P=0.116). We found that the survival rate for patients with a positive TrKB expression was significant lower than that for patients with a negative expression of TrKB (P=0.033).
Then we performed the Kaplan-Meier analysis in different expression levels of BDNF and TrKB. It was evident that the survival time in patients with a negative BDNF and TrKB expression was prolonged compared with that in patients with a positive BDNF and TrKB expression, respectively (BDNF, P=0.119; TrKB, P=0.035) (Fig. 1) . These results suggested that BDNF and TrKB were poor prognostic factors in cervical cancer.
Expression levels of BNDF and TrKB in cervical cancer tissues and cell lines.
To further determine the roles of BDNF and TrKB in cervical cancer tissues and corresponding adjacent normal tissues, we determined the expression levels of BDNF and TrKB protein and mRNA. The McNemar test showed that the positive expression of BDNF and TrKB was more frequently observed in the cancer tissues compared to the normal tissues (Table III) . Moreover, the protein and mRNA expression levels of BDNF and TrKB, analyzed by western blot and RT-qPCR assays, were higher in cancer tissues than those in normal tissues (Fig. 2) . In addition, we determined the expression levels of BDNF and TrKB protein and mRNA in cervical cancer cell lines. As shown in Fig. 2 , higher expression levels of BDNF and TrKB were observed in HeLa, SiHa, C4-1, C-33a and CASKI cells compared to those in normal Ect1/E6E7 cells. These results indicated that BDNF and TrKB expression were higher in cancer tissues and cells.
TrKB and BDNF expression is enhanced in model cells of anoikis-like apoptotic tolerance and decreased by TrKB siRNA treatment.
To evaluate the role of TrKB and BDNF in anoikis-like apoptotic tolerance (AAT), we established model cells of AAT from cancer cell lines HeLa and SiHa. We determined the expression of TrKB and BDNF using western blot and real-time RT-PCR assays in model cells HeLa and SiHa (Fig. 3) . Compared with control cells, TrKB and BDNF expression was slightly increased in both HeLa and SiHa cells from the model group. We further silenced the expression of TrKB with siRNA. The expression of TrKB was reduced at the translational and transcriptional levels in TrKB siRNA-treated model cells HeLa and SiHa compared to cells from the model, siNC and control groups. In addition, the protein and mRNA expression level of BDNF was reduced after TrKB was silenced by TrKB siRNA.
Proliferation is significantly inhibited and apoptosis is induced after treatment of cells with TrKB siRNA.
To evaluate the function of TrKB in the proliferation of AAT cells, we determined cell viability by MTT assay after TrKB knockdown of cells ( Fig. 4A and B) . The results showed that cell proliferation was suppressed in cells treated with TrKB siRNA compared to that in cells of the control, model and siNC groups. After cells culture for 3 days, the cell proliferation was slightly increased for HeLa and SiHa cells in the model group compared to the control.
Bdnf expression Trkb expression --------------------------------------------------------------------------------------------------------------------------------------------------------------------
However, silencing TrKB revealed an obvious inhibitory effect on the proliferation of AAT cervical cancer cell lines HeLa and SiHa compared to cells from the model group at day 3. These results suggested that AAT cells have a higher proliferation ability than HeLa and SiHa cells with no treatment. Moreover, TrKB plays an important role in promoting cell proliferation in HeLa and SiHa cervical cancer cell lines. We then determined the apoptosis of cells after silencing TrKB. The apoptosis of cells treated with TrKB siRNA was markedly increased compared to the control, model and siNC groups (Fig. 4C-J) .
Knockdown of TrKB induced G0/G1 cell cycle arrest.
We tested the effects of TrKB on cell cycle by flow cytometry (Fig. 5) . The time of G0/G1 phase was shortened for both HeLa and SiHa cells in the model group compared to the control group. However, G0/G1 phase of cells in the siTrKB group was lengthened compared to that in control. We further determined the expression of cell cycle-associated proteins, such as cyclin A, cyclin D1 and c-myc, and apoptosis-associated proteins, including caspase-3, Bax and Bcl-2 ( Figs. 6 and 7) . For HeLa cells, compared to the control group, the expression of cyclin A, cyclin D1 and c-myc were slightly increased for both protein and mRNA levels in HeLa cells. However, the protein and mRNA expression levels of cyclin A, cyclin D1 and c-myc were significantly decreased in siTrKB group after knockdown of siTrKB. For SiHa cells, the expression of cyclin A, cyclin D1 and c-myc were evidently increased, particularly for cyclin A and cyclin D1 in the model group, compared to control. Moreover, the expression of cyclin A, cyclin D1 and c-myc were significantly downregulated in the siTrKB group compared to the model and siNC groups. Furthermore, the attenuated expression of caspase-3 and Bax in HeLa and SiHa cells were observed in the model group compared to the control group. By contrast, the expression of caspase-3 and Bax were clearly enhanced in the siTrKB group compared to the model group. These results suggested that AAT cells in the model group have a high expression of cyclin A, cyclin D1, c-myc and Bcl-2, indicating high proliferation activity. These findings also revealed that TrKB plays an important role in promoting PI3K/Akt pathway is activated in AAT cells. Activation of PI3K/Akt signaling pathway is associated with many forms of cancer, including cervical cancer. We examined whether the PI3K/Akt signaling pathway is involved in BDNF/TrKB pathway-induced proliferation. As shown in Fig. 8 , the phosphorylation of PI3K/Akt was enhanced in both HeLa and SiHa cells from the model group compared to the control. However, the enhanced phosphorylation of PI3K/Akt observed in the model group was significantly decreased in cells from the siTrKB group. These results indicated that PI3K/Akt pathway is stimulated in ATT cells and regulated by the BDNF/TrKB pathway.
Discussion
Recently, the BDNF/TrKB pathway was reported as a new signaling pathway promoting cancer cell survival and inhibiting apoptosis (24) (25) (26) . We determined the role of BDNF/TrKB in cervical cancer. Our findings revealed that the overexpression of BDNF/TrKB was observed in cervical cancer tissues and cell lines compared to adjacent normal tissues and normal cell lines, respectively. Moreover, the enhanced expression of BDNF/TrKB was observed in the model cells of anoikis-like apoptotic tolerance (AAT) established in this study, compared to the control (cancer cells without treatment) and higher proliferation activity Figure 8 . Enhanced phosphorylation of PI3K and Akt was reduced after cells with knockdown of TrKB expression. For both (A) HeLa and (B) SiHa cells, the phosphorylation of PI3K was obviously increased in cells from the model group compared to that in cells from the control group, whereas it was significantly decreased in cells from the siTrKB group compared with that in cells from the model group. However, no significant changes of PI3K protein were observed in the groups. For both (C) HeLa and (D) SiHa cells, the phosphorylation of Akt was clearly increased in cells from the model group compared to that in cells from the control group, whereas it was evidently decreased in cells from the siTrKB group compared with that in cells from the model group. However, no significant changes of Akt protein were observed in the groups. (27) . When BDNF binds to its receptor tyrosine kinase receptor B (tyrosine kinase receptor B, TrkB), phosphorylation of TrKB is induced and the intracellular tyrosine kinase signaling pathway is activated; these are closely associated with tumor cell proliferation, anti-anoikis ability, as well as invasion and metastasis (24) (25) (26) 28) . Although there are many studies on BDNF and TrkB, especially in the study of tumor progression (22, 29) , the role they play in cervical cancer tissues is unclear. The overexpression of BDNF/TrKB has been found in gastric cancer (30) , lung cancer (31), breast cancer (32), nasopharyngeal carcinoma (33), hepatic carcinoma (26) , and a low expression in the corresponding normal adjacent tissues (14) . Moreover, the expression of BDNF and TrkB is associated with tumor malignancy (31, 34) . Our results showed that a high expression of BDNF and TrKB were found in cervical cancer tissues and cell lines compared with normal cervical tissues. Moreover, the survival rate for patients with positive BDNF or TrkB expression was significantly lower than that for patients with a negative expression of TrKB. These results suggested that BDNF/TrKB axis is closely associated with poor prognosis in various carcinomas and plays a major role in cervical cancer.
The BDNF/TrKB pathway plays an important role in anoikis-like apoptotic tolerance (AAT) in several forms of cancer, and is involved in resistance to anoikis, allowing for the survival of cancer cells during systemic circulation (28, 35) . In the present study, we established a cell model of AAT that expressed higher levels of BDNF and TrKB than cancer cell lines, HeLa and SiHa. These results demonstrated that AAT cells have higher proliferation activity and can accelerate the formation of tumors, which are consistent with other reports that the formation of AAT cells is closely linked to tumor metastasis, and invasion and anti-apoptotic ability of cancer cells (14, (24) (25) (26) 28) . Since the roles of BDNF and TrKB were considered poor prognostic factors (31,34), we hypothesized that an enhanced expression of BDNF/TrKB in AAT cells is an important event associated with high proliferation activity of AAT cells. In agreement with our hypothesis, the proliferation activity of AAT cells were significantly suppressed when TrKB expression was downregulated.
Activated TrKB by BDNF can induce the activation of several downstream signaling pathways, including PI3K/AKT, JAK/STAT, PLC/PKC, AMPK/ACC and RAS/ERK pathways (36) . We furthermore tested the PI3K/Akt signaling pathway, which is involved in the regulation of tumor growth, metastasis, and invasion, such as thyroid cancer and lung cancer (37) (38) (39) (40) . The phosphorylation of both PI3K and Akt in AAT cells was significantly elevated in comparison with the corresponding HeLa and SiHa cells. However, after downregulation of TrKB expression, phosphorylation of both PI3K and Akt in AAT cells was clearly inhibited in AAT cells. These findings are in agreement with observations in other investigations (20,34,39-41) . Therefore, we suggest that the PI3K/Akt signaling pathway is an important pathway mediating the BDNF/TrKB-induced proliferation of AAT cells in cervical cancer. Notably, we also found that the protein and mRNA expression level of BDNF was reduced after TrKB was silenced by siTrKB, which indicates regulation of BDNF. Cheng et al reported that cAMP/PKA pathway is also involved in BDNF-induced secretion of BDNF in an autocrine manner (42) . However, further investigations should be conducted to elucidate this phenomenon.
In summary, we found that BDNF and TrKB are overexpressed in both cancer tissues and cell lines. High expression of BDNF and TrKB is closely and positively correlated with high FIGO stage, lymph node metastasis and with poor prognosis. In addition, in AAT cells developed from HeLa and SiHa cells, BDNF and TrKB expression was enhanced and is essential for high proliferation activity. Moreover, we demonstrated that the PI3K and Akt signaling pathways are involved in BDNF/TrKB-induced proliferation of AAT cells in cervical cancer. Thus, we suggest that the BDNF/TrKB pathway is a potential target for the treatment of cervical cancer.
